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1. Introduction/Background

Boeing Realty Corporation (BRC) is investigating soil and groundwater contamination
at its 156-acre Former C-6 Facility (Site) located at 19503 South Normandie Avenue in
Los Angeles, California (Figure 1). Previous investigations have shown the presence
of volatile organic compounds (VOCs) in soil and groundwater at certain areas of the
Site that require additional evaluation and/or remediation.

BRC evaluated several remedial approaches in preparation for remediating VOC-
impacted groundwater. Based on the detailed evaluation of substantial historic
groundwater quality monitoring data, enhanced biodegradation was selected as the
most feasible remedial altemative to remediate the VOCs in the shortest time. This
workplan presents an overview of the Site characteristics and the details of a pilot test
proposed to verify the effectiveness of enhanced biodegradation of VOCs in
groundwater and collect the additional information required for potential full-scale
remediation design and implementation.

1.1 Site Characteristics

The Site is underlain by the Bellflower Aquitard which is a regional hydrogeologic
feature in the Los Angeles basin. Vadose zone soils at the Site consist predominantly
of silts, clays, and fine-grained sands, which are highly heterogeneous across the Site
and are impacted in certain areas with VOCs. The primary VOCs found in soil include
trichloroethylene (TCE) and 1,1,1-trichloroethane (1,1,1-TCA). Groundwater at the
Site occurs at a depth of approximately 60 to 65 feet below ground surface (bgs) under
unconfined conditions and flows generally to the south. The water-bearing zone
consists of two primary units, the Middle Bellflower Sand, which is the water-bearing
unit, and the Lower Bellflower Aquitard, which separates the Middle Bellflower sand
from the underlying Gage Aquifer. The Middle Bellflower sand extends to a depth of
approximately 115 feet bgs and consists of three sub-units; the B-Sand, the Middle
Bellflower Mud (BFM), and the C-Sand. The B-Sand is present from approximately
65 to 90 feet bgs and consists predominantly of a fine to medium sand. The BFM is a
silt and clay layer that is present from approximately 90 to 95 feet bgs and appears to
be present across much of the Site. The C-Sand is present from approximately 95 to
115 feet bgs and consists predominantly of a fine to medium sand. Groundwater at the
Site has a relatively flat gradient (0.001 feet/foot) and flows predominantly to the south
at a rate of approximately 10 to 20 feet per year. Groundwater at the Site is impacted
with VOCs, primarily TCE and 1,1-dichloroethylene (1,1-DCE). Figure 2 illustrates
the site-wide TCE impacts in groundwater in January 2001.
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Groundwater quality has been characterized with data from 43 monitoring wells and 45
Simulprobe samples installed at strategic locations across the Site. Monitoring wells
are generally screened within the top 20 feet of the groundwater. Simulprobe sampling
was performed to evaluate the vertical distribution of VOCs in the B-Sand and the C-
Sand. Source-area groundwater consists of the impacted groundwater with the highest
concentrations of VOCs at the Site. Two primary groundwater source areas have been
identified at Building 2 and Building 1/36. The Building 2 source area is the focus of
this pilot test workplan.

Groundwater in the Building 2 area has been impacted primarily by TCE, is flowing in
a southeasterly direction, and is the focus of this pilot test. Concentrations of TCE
within the Building 2 area range from 160 to 13,000 pg/L with the highest
concentrations being present in the B-Sand. These concentrations are illustrated in
Figure 3. BRC developed and implemented an MNA (monitored natural attenuation)
program to evaluate natural biodegradation processes at the Site. Based upon the data
collected for the MNA program, groundwater in the Building 2 area is aerobic and has
positive redox conditions. Groundwater in the Building 1/36 area is anaerobic
(dissolved oxygen < 0.5 milligrams per liter [mg/L]) and has negative redox conditions
(oxidation reduction potential less than —50 mV). Moderate nitrate and sulfate
depletion, elevated dissolved iron, and trace amounts of methane have also been
observed in the Building 1/36 area, and toluene and other potential electron donors
(e.g., methylisobutyl ketone) are present. Because of the presence of electron donors,
conditions in the Building 1/36 area are favorable for the biodegradation process of
reductive dechlorination. Biodegradation is occurring as evidenced by the presence of
the daughter product cis-1,2-DCE and the limited distribution of the high concentration
area of the TCE plume. It is assumed the same microbial flora is present at Building 2
and the addition of electron donor will generate conditions similar to those observed at
Building 1/36, resulting in biodegradation of the Building 2 TCE groundwater impacts.

1.2 Site Applicability & Measures of Success

Anaerobic in-situ reactive zone (IRZ) methods have successfully been applied to TCE
and its daughter products in similar geologic settings to those encountered at the Site.
The key to success will be engineering the process to deliver adequate organic carbon
to insure an appropriate environment for reductive dechlorination can be maintained so
that the process can proceed at an accelerated rate. Based on available Site data,
daughter products have been detected in several wells on Site already. The presence of
daughter products (notably cis-1,2-DCE) in the Building 1/36 area is also a Site-
specific piece of evidence that indicates that an appropriate microbial population is
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present at the Site. Daughter products were not detected from wells located within the
vicinity of Building 2, however, one of the objectives of the pilot test is to create an
environment that will result in TCE degredation (and daughter product generation) in
this area.

As previously discussed, the major goal of the IRZ pilot test is to drive existing
conditions to a more anaerobic and reduced state, and in so doing, degrade the source
TCE. In order to monitor and measure the success of the process, three key elements
will be monitored over the course of the pilot test:

1. Delivery of adequate carbon substrate to the subsurface will be measured by
tracking total organic carbon (TOC) in the IRZ amendment points and monitoring
wells. The target TOC concentration in the IRZ amendment points will be
between 1,000 and 10,000 mg/L.

2. Creation and maintenance of a reducing environment capable of degrading the
target VOCs. In order to assure that these conditions are created and maintained,
dissolved oxygen (DO), ferrous iron, sulfide and oxidation/reduction potential
(ORP) will be measured in the field. These indicators will be supplemented with
several laboratory parameters such as nitrate, nitrite, sulfate, methane, and
dissolved manganese. The target environment will be marked by strongly
reducing conditions (ORP <-150 mV and DO less than 1 mg/L), increased ferrous
iron, methane and sulfide concentrations, and reduced nitrate concentrations.

3. Creation of daughter products will be monitored using VOC analysis (for cis-
1,2-DCE, and vinyl chloride [VC]), and light hydrocarbon analysis (for ethene and
ethane). The ratio of source TCE concentrations to daughter products will be
monitored over the course of the pilot test. A decline in the ratio is a positive
indicator of success. In addition, an increase in the daughter product
concentrations and the creation of ethene are also positive indicators of the
technology’s success.

The following sections discuss the objectives and specific tasks of the pilot test.

2. Pilot Test Objectives

The primary objective of the proposed pilot test is to verify the effectiveness of
enhanced biodegradation as the most effective and efficient remedial method for
groundwater remediation. Food grade carbohydrate amendments will be added to
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create an IRZ to stimulate the natural VOC biodegradation processes. The pilot test
will:

= Evaluate the ability to stimulate VOC biodegradation processes.

= Evaluate the rate of VOC biodegradation and calculate amendment mass,
concentration and delivery specification to achieve optimum degradation rates.

= Evaluate radius of influence per amendment point to evaluate potential full-scale
implementation.

» Evaluate the ability to create relatively large IRZs for potential full-scale
implementation.

= FEvaluate amendment fate and transport characteristics.
» Develop future IRZ design parameters.

The following sections of this pilot test workplan detail the components of the
proposed pilot test.

3. Building 2 Groundwater Enhanced Biodegradation Pilot Test
3.1 Technology Description

IRZ technology will be utilized to optimize and enhance biodegradation of VOCs.
Enhancing the biologically mediated reactions by supplying additional organic carbon
to the groundwater system drives the ORP to a lower, more strongly reduced state.
This is accomplished by supplying the groundwater system with a carbohydrate source
in the form of a mixture of carbohydrate and water. Carbohydrates are supplied using
food-grade molasses or corn syrup. These are cost-effective and innocuous
amendments that have been accepted by both state and federal regulatory agencies.
Indigenous heterotrophic microorganisms are typically present and readily degrade the
carbohydrates. Testing for these microorganisms is currently being performed. This
metabolic degradation process utilizes available DO contained in groundwater, as well
as other alternative electron acceptors, and as a result drives the system to a more
anaerobic and reduced state. The bacterial community present in the aquifer prior to
carbohydrate addition adapts to the changed biogeochemical aquifer conditions. In the
enhanced subsurface environment the bacterial population adjusts and facultative
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species begin to use alternative electron acceptors. In the absence of oxygen anaerobic
populations grow. A bacterial community capable of fermenting carbohydrate sugars
develops, producing volatile fatty acids, alcohols, and hydrogen. The volatile fatty
acids and alcohols are further degraded to carbon dioxide and water and hydrogen is
consumed as part of the reductive dechlorination process.

Hydrolysis and fermentation of carbohydrate ultimately result in the production of
acetate and hydrogen, which serve as the most desirable sources of energy for bacteria
using sulfate and carbon dioxide (CO,) as electron acceptors. Methanogens use CO, as
an electron acceptor and are the most noted anaerobic bacteria responsible for
reductive dechlorination. The reductive dechlorination breakdown pathways,
intermediates for VOCs commonly found as environmental contaminants, and the
cycling of organic carbon in an IRZ are presented in Figures 4 and 5. With respect to
the Site, reductive dechlorination is occurring in the Building 1/36 area and can be
expected to occur in the Building 2 area once the appropriate donor is added. This is
the focus of the Building 2 pilot test.

Once organic carbon (in the form of molasses or other food-grade carbohydrate) has
been sufficiently delivered throughout the treatment area, subsequent additions of
carbohydrate, if necessary, will be utilized to support the enhanced microbial
population until the end of the pilot test. This maintenance carbohydrate dosing will
occur at intervals to maintain a target TOC level sufficient to maintain the reduced
environment that results from the activities of the enhanced microbial population. The
reactive zone performance is measured by monitoring for the target contaminants
(TCE, cis-DCE) and relative concentrations of degradation products and other
indicator parameters in groundwater such as DO, ORP, pH, and specific conductivity.

The primary advantages of the IRZ technology at this Site include the following:

= Data from Building 1/36 indicate that biodegradation of chlorinated VOCs via
reductive dechlorination can occur at this Site if an appropriate electron donor is
present. The IRZ approach will facilitate placing the appropriate electron donor in
the Building 2 area to enhance the biodegradation process.

= The food-grade electron donor proposed for use at this Site (i.e. molasses) can be

easily delivered to the impacted groundwater depths (Bellflower B-Sand) through
repeat application.
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= The electron donor is also highly soluble and can move through both diffusive and
advective processes into the finer-grained lithologies observed at this Site
(Bellflower B-Sand and BFM), promoting reduction of residual contaminant mass
which can serve as a long term source to groundwater.

= Flexible application allows for use as source area treatment in the Building 2 and
Building 1/36 area as well as a barrier or containment approach downgradient of
these locations if needed.

The geology in which the technology is being applied will exert considerable control
over remediation efficacy. Mass transfer and distribution rates in porous media are the
primary factors influencing the efficiency of the IRZ technology. The groundwater
seepage velocity, soil permeability, and the extent and depth of the TCE impacts have
all been considered. These elements of the design have been factored into the
amendment point layout, the distance between the amendment points and the screened
zone selected. Details regarding monitoring wells and amendment point location and
construction are provided in Section 3.2.

3.2 Building 2 Pilot Test

3.2.1 Amendment

The selected carbohydrate amendment will be food-grade molasses. Molasses is an
easily biodegradable carbon source that has a half-life on the order of a few days. In
addition, molasses is edible and an innocuous food-grade material and no undesirable
effect is expected from its use. A Material Safety Data Sheet (MSDS) and product
information for molasses is included as Appendix A. The IRZ technology using
molasses has been accepted by both federal and state regulatory agencies at more than
80 sites throughout the United States. More specifically, several sites in southern
California are in progress. These sites are listed below:

= Electronics Manufacturer, City of Industry;

= Acrospace Company, Newbury Park;

= Automotive Manufacturer, Newport Beach;

=  Electronics Manufacturer, Santa Ana;
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= Dry Cleaner, Mission Viejo; and
= Aerospace Company, San Marcos.

The initial carbohydrate delivery event planned for this pilot test is scheduled for
approximately September 24, 2001. If necessary, subsequent carbohydrate delivery
events will be conducted in order to assure that the target TOC concentration has been
achieved (as measured during the Process Monitoring event). Additional carbohydrate
delivery event(s) will be conducted based on the data collected during the pilot test.
Other parameters (including ORP and DO) will also be evaluated and considered
before additional carbohydrate is added.

Carbohydrate solution will be mixed with potable water at the Site to create an
approximate 13 percent carbohydrate solution. The carbohydrate solution added to
each amendment point will be less than 3 percent of the available pore volume within
the estimated diameter of influence around each of the IRZ amendment points. The
amendment will be degraded in the subsurface as a function of the volume added, the
solution strength, the rate of groundwater flux, the age and stage of development of the
microbial population and the presence and nature of available electron acceptors. The
amendment will be consumed as it is metabolized by the microbial population, and
diluted via advective and dispersive mechanisms through the groundwater.

3.2.2 Amendment Addition

One of the primary challenges associated with IRZ is delivery of the carbohydrate
solution. This will be addressed by installing temporary IRZ amendment points within
the impacted zone. IRZ amendment points will be closely spaced (30 foot center-to-
center distance between points) inside the 10,000 micrograms per liter (Lg/L) TCE
plume to aggressively add carbohydrate solution in the highest VOC concentration
area. The lines of IRZ amendment points located between the 5,000 and 10,000 ug/L
TCE plume lines will be spaced 45 feet on center; the points within each line will be
spaced at 30-foot centers. Figure 6 illustrates the proposed locations of the IRZ
amendment points. Two IRZ amendment point configurations will be used to
accommodate the variability in geology and TCE distribution across the target area.
Within the 10,000 pg/L iso-contour line the IRZ amendment points will be installed as
pairs. The shallow point will be screened to target the upper saturated sandy-silt layer
(located between 65 and 75 feet bgs), while the deeper point will target the B-sand
zone (screened from approximately 75 to 90 feet bgs). Each amendment point will be
%-inch diameter with a 5 to 15 foot long screened zone. The amendment points will be
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screened across the entire target zone (sandy silt or B-Sand) and will be completed at
land surface with a removable cap (Figure 7).

The second IRZ amendment point configuration will be a single point screened to
address the saturated unit from the groundwater table to approximately 85 to 90 feet
bgs. Each point will be ¥%-inch diameter, with a 20 to 25 foot long screened zone. The
amendment points will be screened across the entire target zone (sandy silt and B-
Sand) and be completed at land surface with a removable cap. The second IRZ
amendment point configuration will be used between the 10,000 p/L iso-contour and
the area roughly coinciding with the 5,000 W/L iso-contour.

The reagent solution will be mixed above ground at a centrally located temporary
mixing tank. One or more pilot test distribution systems will be used to deliver the
solution. Each system will be connected to several IRZ amendment points for
simultaneous solution addition. A quick connect/disconnect feeder manifold will be
used to connect to the points. The feed line to each IRZ amendment point will include
a flow rate meter and ball valve. Water and molasses will be mixed at the proper ratio
and then added under pressure to provide adequate coverage and distribution.

The carbohydrate solution volume, concentration, and frequencies may be adjusted
based on the results of field monitoring.

3.2.2.1 IRZ Amendment Point Installation

IRZ amendment points will be installed in the proposed pilot test area. Locations of
the IRZ amendment points are illustrated on Figure 6. The points will be installed
using a cone penetrometer testing (CPT) rig to advance a 1.75 inch diameter hollow
rod with a steel tip to approximately 75 or 90 feet bgs. A %4-inch diameter schedule 40
polyvinyl chloride (PVC) casing and screen will be inserted into the steel rod to the
bottom of the borehole. The steel rod will be carefully removed leaving the PVC
casing and screen in place. Slotted PVC (with 0.01-inch slots) will be used below the
groundwater table (approximately 65 feet bgs) to the bottom of the borehole. A
construction permit will be obtained from the Los Angeles County Department of
Health Services for the amendment points prior to installation. A typical amendment
point construction detail is presented in Figure 7. Nineteen of the proposed IRZ
amendment points will be configured with two separate screened zones. These points
are located within the 10,000 /L iso-contour, and include the following: IRZ-23, 26,
27,30, 31, 33, 34,37,38,42,43,45,46,47,49, 50, 51, 54, and 55.
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3.2.3 Bromide Tracer

A small amount of bromide tracer will be dissolved in the amendment solution that is
used at IRZ-2, IRZ-37 and IRZ-95 (upgradient of the IRZ-MW wells). Potassium
bromide (KBr) powder will be used as a source of bromide. The tracer will be used to
determine groundwater flow rates and confirm estimated vectors and lateral spread of
the IRZ. The concentration of the bromide solution in the amendment injection will be
approximately 100 to 300 mg/L, in order to achieve a reasonable, measurable
concentration in groundwater down gradient of the amendment point. Bromide has
been accepted by state and federal agencies as a tracer for similar applications.

3.24 Pilot Test Monitoring

Groundwater monitoring will be conducted during implementation of the IRZ pilot
test. Three types of monitoring events are planned: a baseline sampling event (prior to
addition of carbohydrate solution); process monitoring events; and performance
monitoring events. Process monitoring will be conducted approximately 2 weeks after
the initiation of carbohydrate solution amendment addition and approximately once per
month thereafter. This sampling event will include field monitoring for pH and
laboratory TOC analysis. Performance monitoring will be conducted approximately 6
weeks after the initiation of carbohydrate solution amendment addition and
approximately every 6 weeks thereafter. The performance monitoring events will
consist of a more comprehensive suite of analytes. If additional carbohydrate delivery
event(s) are needed, then additional process and performance monitoring event(s) may
also be conducted.

Monitoring will be conducted from four nested well pairs (IRZ-MW1 though IRZ-
MW4). In addition, three IRZ amendment points will be sampled for select
parameters. One will be located within the 10,000 pg/L iso-contour (IRZ-37) and two
will be located between the 5,000 and 10,000 pg/L iso-contours (IRZ-2 and IRZ-95).
Figure 6 illustrates the locations of the monitoring wells. Details of the monitoring
program are discussed in the following sections.

The frequency, wells and points sampled, and the list of analytes may be changed
based on the data collected during each sampling event. Any changes and rationale for
the changes will be presented in the report presenting the results of this pilot test. This
flexibility is necessary to assure that adequate, relevant water quality data is collected
as the test progresses.
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3.24.1 Monitoring Well Installation

Four temporary nested groundwater monitoring wells (IRZ-MW1 through IRZ-MW4)
will be installed at the Site to monitor changes in groundwater conditions during the
pilot test. Well IRZ-MW1 and IRZ-MW2 will be located within the 10,000 pg/L iso-
contour, downgradient of IRZ amendment point IRZ-37. IRZ-MW1 will be 8 feet
directly downgradient of IRZ-37 and IRZ-MW-2 will be 15 feet downgradient and 5
feet side-gradient of IRZ-37. These wells will be located inside the estimated diameter
of influence of the amendment point to assess the carbohydrate solution and reactive
zone distribution laterally and vertically inside the estimated 30-foot diameter-of-
influence area. In addition, these two monitoring wells will specifically provide an
assessment of the effect of the IRZ within the high concentration area.

Well IRZ-MW3 will be located 8 feet downgradient of IRZ-2 in the area upgradient of
the 10,000 WL iso-contour and generally corresponding to the 5,000 pg/L. iso-contour.
This well will be used to assess the effect of the IRZ in less-impacted groundwater, as
well as to collect information on the vertical distribution of the reactive zone.

Well IRZ-MW4 will be located immediately downgradient of the pilot test area. This
monitoring well will be 15 feet downgradient and 7.5 feet side-gradient of IRZ-95.
This well will provide longer-term data regarding the reactive zone formation,
maintenance and effects.

The monitoring wells will be installed using a hollow-stem auger drill rig to
approximately 90 feet bgs. Each well will have a shallow screened zone in the sandy
silt zone and a second deep screened zone in the B-Sand zone. The wells will be
constructed in a single 8-inch borehole. The deep screen will be 10 feet of 2-inch
diameter 0.01-inch slotted PVC from approximately 75 to 85 feet bgs. The shallow
screened zone will be 5 to 10 feet of 0.01-inch slotted PVC screen located
approximately 65 to 75 feet bgs. The precise depth and length of the screened interval
will be determined in the field to suit the conditions encountered. If the silty sand unit
is not encountered, a single 20-foot screen will be installed. Each of the temporary
monitoring well intervals will be isolated with a bentonite seal. A well construction
permit will be obtained from the Los Angeles County Department of Health Services
prior to installation. Typical monitoring well construction is presented in Figure 8.
Locations of the proposed temporary monitoring wells are illustrated on Figure 6.

Three of the IRZ amendment points (IRZ-2, IRZ-37 and IRZ-95) will be used to
collect supplemental data. These points will be sampled to provide information
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specific to the amendment addition (i.e. TOC and pH) and how quickly it is consumed
within the addition point. This information is important in determining the need for
follow-on amendment additions.

3.2.4.2 Baseline Monitoring

Significant groundwater monitoring data exists for the Site including the Building 2
pilot test area. To augment this database, an additional baseline groundwater
monitoring event will be conducted using the four IRZ monitoring wells and three IRZ
amendment points located within the pilot test area to evaluate and document
groundwater conditions prior to carbohydrate addition. These data will be added to the
Site groundwater database and will provide a firm basis of conditions against which
test performance can be compared.

Groundwater sampling will be collected from the three monitoring wells within the
pilot test area (IRZ-MW1, IRZ-MW?2, and IRZ-MW?3), and one downgradient well
(IRZ-MW4). Monitoring will also be performed in the three amendment points (IRZ-
2,IRZ-37, and IRZ-95). Samples will be collected from these points and analyzed for
the suite of analytes as summarized in Table 1.

During the baseline sampling event, groundwater samples will be collected and
analyzed for a variety of organic and inorganic parameters to evaluate the geochemical
environment in the area of concern. These analyses will include general groundwater
quality parameters, electron acceptors, biodegradation byproducts, and VOCs. Field
parameters (i.e., DO, ORP, temperature, pH, ferrous iron, hydrogen sulfide, and
specific conductance) will also be collected from the wells.

General Groundwater Quality Parameters - These parameters are measured in
groundwater at the wellhead for the wells associated with the pilot test, and include
indicator parameters that can be used to measure the development of the reactive zone
in groundwater. The parameters include ORP, pH, temperature, specific conductance,
VOCs, and TOC. The relative presence of these compounds can also support the
determination of the IRZ and the presence of biodegradation of the VOCs, and provide
information for carbohydrate addition frequency and parameters.

Electron Acceptors - Analysis for electron acceptors indicate the relative levels of
compounds present in the groundwater which serve as alternate electron acceptors once
oxygen is depleted from the aquifer, and are a key indicator of anticipated success of
the remedy. These compounds include DO, nitrate, iron, manganese, sulfate, and CO,.
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Biodegradation Byproducts - Analysis for the biodegradation byproducts indicate the
relative levels of compounds formed by biodegradation and are therefore also a good
indicator of reductive dechlorination. These byproducts include VOC daughter
products, chloride, CO,, methane, and ethene, and ethane.

Field parameters will be collected using a YSI meter and flow-through cell.
Groundwater samples to be collected for laboratory analysis will be collected using
low-flow purging and sampling methods. Hydrogen sulfide and ferrous iron are
measured in the field using colorimetric methods.

3.2.4.3 Process Monitoring

Process monitoring will be conducted in weeks 2, 6, 12, 16 and 21. The purpose of
these monitoring events is to measure the effect of the carbohydrate solution on the
groundwater conditions at, and near, the IRZ amendment points. This information will
be used to help determine the need for subsequent amendment additions. Groundwater
samples will be collected using standard purge and bail methods and samples will be
analyzed for pH using a field test protocol. Samples will also be sent to the laboratory
for TOC analysis. Samples will be collected from IRZ-2, IRZ-37 and IRZ-95.

In addition, during the latter four sampling events the performance monitoring data
collected from the monitoring wells will be used to supplement the process monitoring
data collected from the three IRZ amendment points. The carbohydrate solution may
be adjusted and/or additional carbohydrate delivery event(s) may be conducted based
on the data collected during these events.

3.2.4.4 Performance Monitoring

Performance monitoring will be conducted at 6, 12, 16, 21 and 36 weeks after the
initial carbohydrate. delivery event. This monitoring will be more comprehensive than
the process monitoring. Samples will be collected from some or all of the IRZ-MW
wells in accordance with Table 1. Field parameters will be identical to the baseline
event and groundwater samples will be collected from each monitoring well using low-
flow purge techniques and will be analyzed for the parameters listed in Table 1.

This data will be used along with the performance monitoring data to evaluate the

progress of the reactive zone development and to make decisions regarding
supplemental amendment addition events.
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3.2.5 Mid-Test Data Evaluation and Test Adjustments
3.2.5.1 Amendment Addition

Groundwater monitoring data will be reviewed and used to determine the need to
adjust the strength, frequency, volume of the reagent additions, and possibly
bioaugmentation. The ratio of TCE concentrations to daughter products will be
evaluated over the course of the pilot test. If there is no or little decline in the ratio,
then bioaugmentation will be evaluated to accelerate the remedial process.

3.2.5.2 Bioaugmentation

In some situations, the addition of select, adapted microbial populations that will target
specific classes of organic compounds or provide the indigenous microbial consortia
with additional compound or condition-specific microbes may be advantageous. This
process is called bioaugmentation and it is sometimes used to accelerate the adaptation
of the indigenous microbial consortia to speed up the remedial process. At many sites,
bioaugmentation is not required because the microbes at the site have adapted to
completely degrade the target contaminants; however at some sites, the environmental
conditions have resulted in a stressed population and the rates of degradation are
correspondingly low. Bioaugmentation can be used to shorten the acclimatization
period of the microbial population responding to a substrate-only amendment. In any
of these situations, the addition of chemical-specific degrading microbes may
accelerate the degradation process, allowing remediation goals to be achieved more
quickly.

For the BRC Site, bioaugmentation may be implemented if, after the preliminary
rounds of analytical data collection, it appears that the addition of reagent has not
resulted in adequate formation of daughter compounds and end products. Specifically,
if the plume degradation stalls at the formation of cis-1,2-DCE or VC, and there is no
evidence of ethene/ethane formation, the addition of targeted microbial cultures will be
evaluated. The presence and concentration of TCE will also be considered, since some
of the selected bacteria will not impact the degradation of these compounds.

If bioaugmentation is considered advantageous, BRC will notify the Los Angeles
Regional Water Quality Control Board (LARWQCB) prior to the initiation. If
bioaugmentation is implemented, groundwater monitoring will also include analysis of
the microbial communities using a phospho-lipid fatty acid (PLFA) test on
groundwater samples to allow for a quantitative evaluation of the degree of growth of
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the microbial community. The other parameters already included in the analytical suite
(such as CO,, methane, ethene and ethane) will provide the final evidence that the
stimulated (bioaugmented) communities are in fact resulting in more complete
degradation of the target VOCs.

3.2.6 Removal of Pilot Test System

At the completion of the pilot test in early 2002, the IRZ pilot test system will be
removed. Decommissioning of the system will include abandonment of all the
temporary IRZ amendment points and the IRZ monitoring wells.

3.2.7 Post-Test Data Evaluation and Report

Field and analytical data collected from the Site will be evaluated over the pilot test
period to closely monitor changes in the groundwater and to adjust the carbohydrate
concentration and frequency, as needed. A summary report will be prepared at the
conclusion of the test. The report will document pilot test activities, monitoring and
sampling activities, analytical results, IRZ pilot test results, and recommendations for
full-scale implementation, if appropriate. The report will be submitted to the
LARWQCB by October 2002.

4. Sampling and Analysis Plan/QA

Monitoring wells will be gauged prior to collecting groundwater samples to determine
static water levels and total well depth. Low-flow purging (less then 250 milliliters per
minute) will be used as applicable for all sampling events to collect groundwater
samples to minimize disturbance to the groundwater in the well.

Samples collected from each well will be tested for biogeochemical parameters using a
YSI unit, field test kits, and fixed-base laboratory analyses. The YSI unit, with flow-
through cell, will be used to measure pH, DO, ORP, specific conductance, and
temperature. Hach, Inc. field test kits will be used to measure ferrous iron, DO, and
hydrogen sulfide. Following field test kit analyses, groundwater samples will be
collected for groundwater quality parameters, terminal electron acceptors, and
degradation products. All samples to be analyzed for dissolved analytes, including
metals, will be filtered in the field immediately following sample collection at each of
the three well locations. For the process monitoring event, a pH meter will be used to
measure the pH of bailed groundwater samples.
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Samples collected for laboratory analyses will be properly labeled and packaged in
cooled ice chests at a temperature of approximately 4 degrees Centigrade (°C) and
delivered via commercial carrier to a state-certified laboratory (Severn-Trent
Laboratories). Samples will also be sent to VaporTech Services, Inc. located in
Valencia, Pennsylvania for dissolved gas analysis. Samples will be delivered using
standard chain-of-custody protocol.

5. Residuals Management

Residuals generated during the implementation of the pilot test will include soil
cuttings and groundwater monitoring well development and purge water. Soil cuttings
generated during the drilling of the pilot test monitoring wells will be placed in a
stockpile on plastic sheeting covered with plastic sheeting. Upon completion of
drilling activities, the soil stockpile will be sampled and characterized for disposition in
accordance with Site soil stockpile disposition protocols.

All groundwater monitoring well development and purge water will be contained in
55-gallon drums and labeled. The drums will all be stored in a common area of the
Site designated by BRC. Upon completion of field activities, the 55-gallon drums will
be characterized for proper off-Site disposition by BRC.

6. Schedule

The estimated duration of this pilot test is 5 months. Assuming this workplan is
approved on August 24, 2001, the installation of the IRZ amendment points and
monitoring wells will be initiated on August 31, 2001. Baseline monitoring and the
carbohydrate delivery event will be initiated approximately on September 17 and 24,
2001, respectively. Monitoring events will be conducted as provided in Table 1. If
needed, subsequent carbohydrate delivery and monitoring events will be added to the
pilot test. The estimated schedule is summarized in Table 1.

2
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_PRODUCT INFORMATION AND SPECIFICATIONS FOR

BLACKSTRA‘?"M'()’LASSES
TOTALSOLDS I 795
MOISTURE | 215
ASH 6.-7.
PH : | 55
SUCROSE 34%
INVERT SUGARS 26%

DESCRIPTION

‘Western Commerce Corporation edible Blackstrap Molasses is the final liquid syrup obtained
from the sugar extracting process. Itis a very dark, robust tasting molasses with a slightly biter
flavor. Blackstrap Molasses has the lowest sugar content and highest mineral content of all
commercially available molasses.

APPLICATIONS

Fermentation systems, licorice, caramel snack items, caramel color substitute, tomato sauces,
etc.

PACKING
5-gallon Pails, 2 x 2 one-half gallon Containers, Drums, Totes Tank Trucks.

STORAGE HANDLING

Blackstrap Molasses, due to its relatively low sugar content, can begin to ferment. In order to-
minimize this risk, the product is best stored between 60° - 70° Fahrenheit. Westem Commerce
Corporation can offer no guarantees relative to the shelf stability of Blackstrap Molasses. .

Fermentation of Blackstrap causes no health hazards and can be controlled/eliminated by heating

to 190° Fahrenheit for approximat;:ly ten minutes.
© SERVNGTHERETALFOOD SERVICEAND INDUSTRIAL MARKETS, DOMESTCAND FOREIGN
gw ower 50 ?Zm
HOME OF THE “CUCAMONGA,” “TOPAZ" AND “POT O/ GOLD” LABELS

E-MAIL: WstrnComm(@uaol.com Internef: www.wcommerce.com

FAX: (626) 369-4206
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}izeiial Safety Data Sheet
flequirad unzer USOL Salety and Health Regulations
Yor Shipyacd Emptayment {23 CFR 1915)

U.S. Department cf Labor

Occupational Satety and Health Agmusicaiion

©

"OMB No. 1218, 0074
Expiraticn Date 05731 /32

WESTERN COMMERCE CORPORATION

‘Sectlon |

Manu!ac(uer s Name
'Western Commerce Corporation

E£mergency Telephene Numre:

(626) 333-5225

- Aacress (Number. Street. City. Siate. ang ZiP Cade)

CnamicatName

SUCROSE

636 Turnbull Canyon R4. ang Synanyms
i . ' Trace Name
City of Industry X and Synonyms  B] ACKSTRAP MOLASSES
’ Chemucal Formula
Farnuiy Carbohydrate CAS # 57-50-~1

California 91745-1136

' "Sectlon tf - Hazardaus Ingredients

NOT APPLICABLE ' . ) .

Paints, Presaryslives, and Solvenls

%  TLV{Unts) Alloys and M;Calltc Cozllngs

% TLV (Units)

soPigments Base Metal
_ NA NA
““Catatys? . Alloys
Ne N&
“lvemcte Metallic Coatngs .
i NA REN
Sotvents Filler Matai .

NA Pius Coaling or Core Flux N&
Additives Q:rers )
NA - NA

Qthers
v NA NA
. Hazardous Mixturss of Other Liquids, Soilds or Gases
) V .
NOT APPLICABLE % TLV (Unic:
i
Section il - Physiczl Data o
,Baiting Paint (*F} Specific Gravity (H,0=1)
NOT APPLICABLE 1.40138 @ 20°C @ 79.5% solids
éVapar Pressure (mm 3 Parcent Volanla by Volume (%)
APPLICABLE NOT APPLICABLE
“1Vapor Density {AIR=1) Evagoration Rate
| NOT APPLICABLE NA =1)
“Sclusility in Water
260 gms in 100 gms water @ 20 degrees C
Appearance and Odgr ™ -
DARX CARAMEL AND SWEET
Seclion IV - Fire and Explosion Hazard Dats
“TFlash Point (Method Usea) - Flammabte Limits’ Let Uel
” NOT APPLICABLE NOT APPLICABLE
Extinguishing Megia
WATER, DRY CHEMICAL, CARBON DIOXIDE
Spec:at Fire Fighling chedwes
NONE '
Unysual Fire and Explosion Hazards -
NONE .
~ Page 1 (Contlnued o Revarse Sids} FWQZY -

BOE-C6-0233045



~§e€t"_in V - Heaith Hazard Data

Rresnoid Limit Yalge v

. NOT APPLICABLE

Errects ot Overexzosure

Blackstrap molasses is not a health hazard but is not rgcamended for human

“consumption.

Emergency Fi/st Aig Procegures -

NOT APPLICABLE - . . .. .
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LIGHT AND SWEET MOLASSES

PROPERTIES | LIGHT AND SWEET MOLASSES
BRIX AT 20°C. 795 -805

SUCROSE 35.0% (+/- 3%)

REDUCING SUGARS 35.0% (+1- 3%)

TOTAL SUGARS 70.0 - 73.0% (+/- 3%)
SULFATED ASH 2.50 - 3.00%

SO, nil

pH 1 x 1 SOLUTION 48 - 55

MOISTURE 21.5 - 22.5 Maximum
DESCRIPTION

Western Commerce Corporation Light and Sweet Molasses is a light colored,
first quality molasses with a high total sugar content which helps in adding shelf
life to the product as well as a natural humectancy factor. It has a pronounced
molasses flavor. ‘

MICROBIOLOGICAL STANDARDS

Standard Plate Count: 5,000 /gram max.

Yeast: 100/gram max.
Mold: 100/gram max.
Salmonella Negative

Coliform 10/gram max.

APPLICATIONS

Cakes, sauces, snack items, cereals, syrups, baked beans, breads, confections
etc.

PACKING

5-gallon pails, 2 x 2-1/2 gallon containers, drums, totes, tank trucks.
SERVING THE RETAIL-FOOD SERW(E-AND INDUSTRIAL MARKETS, DOMESTIC AND FOREIGN
g@y’ over 50 %M '

HOME OF THE “CUCAMONGA,” “TOPAZ" AND “POT 0’ GOLD” LABELS

Internet: www.weommerce.com

TEL: (626) 333-5225 E-MAIL: WstrnCommC@uaol.com

FAX: (626) 369-4206
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